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ABSTRACT 


The  object  of  this  Investigation  was  to  compare  the  Charpy  properties 
of  a  severely  banded  ferrite-pearlite  structure  with  those  of  a  random  ferrite- 
pearltte  distribution  Both  types  of  specimens  could  be  prepared  from  the 
same  material  by  applying  suitable  homogenizing  treatments  to  an  initially 
banded  steel.  Some  observations  on  the  nature  of  the  banding  are  described. 

The  Charpy  properties  at  the  lower  end  of  the  testing-temperature 
range  are  not  appreciably  affected  by  the  degree  of  ferrite  banding,  by  the 
direction  of  the  specimen  axis,  or  by  the  orientation  of  the  notch.  However, 
in  the  higher  temperature  range,  the  random  structure  exhibits  a  higher  energy 
absorption  than  does  the  banded  structure  and,  in  both  cases,  the  Charpy 
values  depend  strongly  on  the  orientation  of  both  the  specimen  and  the  notch. 
Evidence  was  obtained  to  suggest  that  the  fracture  appearance  is  not  sensi¬ 
tive  to  specimen  orientation  even  In  a  severely  banded  steel,  although  notch 
orientation  la  a  factor 


No  preferred  crystallographic  orientation  of  the  ferrite  was  found  in 
any  of  the  specimens.  v 
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INTRODUCTION 


There  Is  good  reason  to  suppose  that  the  fracture  properties  of  mild 
steel  can  be  influenced  by  the  texture  of  the  microstructure.  In  discussing 
the  condition  for  crack  propagation 


s- 
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{where  <y  is  the  normal  stress  needed  for  crack  propagation,  E  is  Young's 
modulus,  c  Is  the  crack  length,  and  p  is  the  plastic  work  required  for  the 
formation  of  unit  area  of  surface),  Orcwan*  has  suggested  a  number  of  ways 
in  which  p .  and  consequently  <r,  might  be  Increased.  One  of  these  Involved 
laminating  the  plate  by  incorporating  layers  of  either  a  weak  or  a  highly 
ductile  material.  A  weak  layer,  such  as  slag,  should  burst  open  ahead  of 
the  crack,  annihilating  the  triaxlality,  and  causing  some  fibrous  fracture  to 
occur  before  the  necessary  triaxlality  for  brittle  fracture  can  be  re-established. 
Alternatively,  an  Increase  In  p  can  be  achieved  by  rolling  thin  layers  of  a 
tough  metal  into  the  plate.  Unfortunately,  It  is  very  difficult  to  obtain  pre¬ 
cise  values  of  p  for  different  materials  under  the  conditions  envisaged  here, 
and  thus  no  accurate  estimate  of  the  quantitative  effect  is  possible  Tf  it  Is 
assumed  that  the  values  of  p  for  ferrite  and  pearl Ite  are  appreciably  different, 
ferrite  banding  In  mild  steel  Is  a  form  of  lamination  that  should  influence  the 
fracture  properties.  Several  experimental  studies  have  been  made  of  the  ef¬ 
fect  of  ferrite-pearllte  banding  on  the  impact  properties,  but  the  results  are 
somewhat  ambiguous. 

Matton-SJbberg^  compared  the  notch-bar  properties  of  two  similar 
steels  with  different  degrees  of  banding  and  concluded  that  a  lower  transition 
temperature  was  associated  with  the  finer  banding.  Tipper'"  has  also  invest!' 
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gated  this  problem  on  the  same  steels.  Fellini  reported  In  a  private  com¬ 
munication  that,  in  numerous  tests  of  banded  steels,  only  the  one  with  wide 
bands  of  severe  alloy  segregation  showed  Increased  resistance  to  brittle 
fracture.  In  contradistinction,  Mangio  and  Bouiger  concluded  that  a  banded 
microstructure  is  less  resistant  to  brittle  fracture  than  a  uniform  unbanded 

structure  In  support  of  this  statement,  they  quoted  the  work  of  Sims,  Banta 
5 

and  Waters  who  compared  high  tensile  steel  plates  rolled  from  slabs  of  the 

same  Ingot,  one  slab  being  given  an  intermediate  homogenizing  treatment  for 

ten  hours  at  2350  F.  Homogenizing  the  slab  lowered  the  10  ft-lb  Charpy 

V-notch  transition  temperature  of  the  plate  by  about  60  F.  However,  In  the 

5 

original  report  by  Sims  et  al,  it  wa3  stated  that  the  " .  .  .microstructure  of 
the  annealed  plate  rolled  from  ths  homogenized  slabs  showed  strong  evidence 
of  banding  and  no  influence  of  the  homogenizing  treatment."  Thus  it  seems 
questionable  to  ascribe  the  improvement  in  transition  temperature  to  a  change 
in  the  extent  of  banding. 

In  a  study  of  the  quantitative  relation®  between  Charpy  impact  proper- 

6 

ties  and  mic restructure,  Owen,  Whitmore,  Cohen  and  Averbach  deduced  that 
effects  attributable  to  banding  ware  insignificant  compared  with  those  attrib¬ 
utable  to  other  microstructural  parameters.  The  present  experiments  were 
prompted  by  a  desire  to  obtain  more  direct  information  on  this  elusive  subject. 

Since  the  ferrite-pearlite  banding  lies  parallel  to  the  rolling  direction, 
a  correlation  between  such  banding  and  the  anistropic  properties  of  hot-rolled 

plate  might  be  expected.  Directional  effects  are  most  apparent  in  notch-bar 
7  8 

impact  tests.  Troiano  and  Klinger  used  a  V-notch  Charpy  test  to  study  the 

direct lonality  of  mechanical  properties  in  hot-worked  steels  and  concluded 

that  there  is  no  directional  effect  in  the  brittle  'ange  (below  the  10  ft-lb  level), 

ductility  being  the  only  basic  property  that  exhibits  jn  isotropy.  Jatczek, 

9 

Girardi  and  Rowland  showed  that  the  only  property  improved  by  homogenizing 
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o  banded  4  340  steel  was  the  transverse  ductility,  and  the  resultant  improve¬ 
ment  was  commercially  Insignificant. 

PRODUCTION  OF  RANDOM  PER  RITE -PEAR  LITE  STRUCTURES 

All  of  the  experiments  were  performed  on  a  semikllled  ABS  Class  B 
steel  supplied  in  the  form  of  3/4- in.  hot-rolled  plate  The  analysis  and 
room  temperature  mechanical  properties  are  given  in  Table  1 

TABLE  1 

CHEMICAL  COMPOSITION  AND  ROOM  TEMPERATURE  PROPERTIES 
OF  THE  AS-RECEIVED  PLATE 

P  S  SI  Cu  Ai 

0.014  0.028  0.022  0.028  0.042 

Upper  Yield  Point  Lower  Yield  Point 

no3  p3i)  __.uo3psi) 

33.0  31.0 

Reduction  in  Area 

_ iBSLcenU. _ 

58.2 

In  accordance  with  previous  work  on  this  steel,  two  parameters 
were  used  to  describe  the  degree  of  the  banding:  (a)  the  ratio  of  the 
average  pearlite  linear  intercept,^  ,  measured  parallel  and  perpendicular 
to  the  rolling  surface,  and  (b)  the  ratio  of  a  mean  ferrite  path,  <*  ,  mess- 

C* 

ured  in  the  same  two  directions.  ^  is  the  mean  ferrite  intercept  made  by 


,C  Mn 

0.16  0.69 


Elastic  Limit 
..HQ3  PJl) _ 


22.0 


Elongation 
(per  cent} 


30  9 
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the  ferrtte-pearlite  boundaries  along  stialght-llne  transverses,  the  ferrlte- 
ferrite  boundaries  being  ignored.  The  measurements  were  conducted  on 
sections  transverse  to  the  rolling  direction. 

In  hypo-eutectoid  steels,  the  metallographto  banding  pattern  is 
established  during  the  pro-eutectoid  separation  of  ferrite  and  the  resulting 
segregation  of  the  carbon  in  the  pearllte-rlch  regions.  Thus  It  Is  not  sur¬ 
prising  that  both  the  austenitizing  temperature  and  the  cooling  rate  have  a 
pronounced  effect.  The  former  effect  Is  shown  by  the  data  in  Fig.  1.  In 
this  series,  all  the  annealing  treatments  were  carried  out  with  the  same 
slow  cooling  rate  (about  1.5  C/min),  and  the  banding  was  found  to  be  a 
function  of  the  austenitizing  temperature,  the  severity  increasing  from  850 
to  900  C  and  then  decreasing  as  the  temperature  was  further  increased  above 
1050  C.  The  Initial  increase  may  be  irrelevant  because  it  depends  only  upon 
the  low  value  obtained  at  850  C,  and  from  other  experience  with  this  steel  It 
is  suspected  that  this  temperature  is  slightly  below  A^.  After  anneal ‘ng  for 
1  hour  at  1250  G,  the  banding  was  almost  completely  eliminated. 

The  as-received  specimen  was  less  severely  banded  than  those  an¬ 
nealed  between  900  and  1050  G  (Fig.  1).  Thi3  is  probably  due  to  the  fact 
that  the  cooling  rate  of  the  plate  from  the  rolling  temperature  was  somewhat 
faster  than  that  of  the  annealed  specimens.  An  example  of  the  effect,  of  cool¬ 
ing  rate  is  shown  In  Fig.  ?.  in  which  the  micro  structure  on  transverse  sections 
of  a  specimen  furnace  cooled  (1.5  C/min)  from  950  C  is  compared  with  that  of 

a  specimen  air  cooled  (150  C/min)  from  the  same  temperature . 

9 

Jatczak,  Girard!  and  Rowland,  studying  alloy  steels,  concluded  that 
chemical  heterogeneity  Is  the  primary  cause  of  banding.  Ignoring  the  850  C 
point  in  Fig.  1,  the  decrease  in  banding  with  increase  in  austenitizing  tempera¬ 
ture  is  consistent  with  this  view.  Further,  it  was  found  that  the  extent  to  which 
banding  was  reduced  by  annealing  at  a  high  austenitizing  temperature  was  a  func¬ 
tion  of  the  time  at  temperature.  To  show  the  time  effect,  it  was  necessary  to  use 
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q  method  of  developing  banding  suggested  by  the  treatments  of  Jatczak  et  al .  ' 
After  austenitizing  at  the  temperature  under  Investigation,  the  specimen  was 
air  cooled  to  room  temperature  and  then  reheated  to  900--950  C,  which  Is  the 
temperature  range  most  favorable  for  the  development  of  banding.  After  1  hour 
at  900  C,  the  specimen  was  cooled  to  a  temperature  in  the  two-phase  region 
and  held  for  an  hour,  after  which  It  was  quenched.  By  trying  various  final  tem¬ 
peratures,  It  was  established  that  the  banding  owing  to  the  carbon  re-distribution 
could  be  seen  most  clearly  when  750  C  wa3  employed.  Finally,  the  specimens 
were  tempered  at  350  C  for  1  hour 

In  Fig.  3,  mlcro3tructures  are  shown  of  specimens  that  had  been  normal¬ 
ized  at  0,  1  and  2  hours  at  1?. 50  C  before  being  given  the  special  treatment.  The 
banded  structure  breaks  up  progressively  ao  the  time  at  1250  C  Is  Increased,  but 
even  after  2  hours  some  evidence  of  banding  can  bo  seen.  It  was  found  that  24 
hours  al  temperature  was  required  to  eliminate  all  evidence  of  heterogeneity. 

Further  support  for  the  view  that,  the  main  function  of  the  1250  C  treat¬ 
ment  Is  to  homogenize  the  distribution  of  alloying  elements  was  provided  by  a 
series  of  experiments  In  which,  after  a  normalising  treatment  for  24  hours  at 
1250  C,  the  specimer.3  were  given  prolonged  treatments  at  lower  austenitizing 
temperatures  with  the  objective  of  causing  the  banding  to  return,  if  possible. 

In  one  series,  the  specimen  was  cooled  from  12  50  C  to  a  temperature 
of  950  C,  and  this  was  maintained  for  as  long  as  24  hours  before  the  specimrn 
was  slowly  cooled  to  room  temperature.  In  another  sequence,  the  specimen 
was  air  cooled  from  1250  C  to  room  temperature  before  being  re-annealed  at 
950  C  for  times  up  to  24  hours  No  treatment  was  found  that  produced  any  evi¬ 
dence  of  banding 

During  the  course  of  the  exploratory  work  that  led  to  the  adoj.tion  of 
this  treatment,  a  further  complicating  effect  was  encountered.  It  was  found  that, 
when  the  1250  C  homogenizing  temperature  was  followed  by  annealing  at  tempera¬ 
tures  below  1050  G,  there  was  a  pronounced  tendency  for  the  ferrite  to  develop 
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a  mixed  grain  size.  An  example  of  this  Is  shown  In  Fig.  *4.  However,  this 
tendency  become  less  marked  with  faster  cooling  rates  from  the  homogenizing 
temperature  and  was  very  slight  after  air  cooling.  To  ensure  a  homogeneous 
ferrite  groin  size,  oil  quenching  from  the  1250  C  treatment  was  adopted. 

INFLUENCE  OF  BANDING  AND  SPECIMEN  ORIENTATION  ON 
NOTCH  IMPACT  PROPERTIES 

In  the  Charpy  tests,  the  severely  banded  steel  {annealed  950  C,  see 
Fig.  5  (a)  and  (b) )  was  compared  with  specimens  that  had  been  homogenized 
before  the  °50  C  annealing,  the  treatment  being- 

1250  C,  24  hours,  oil  quench 
950  C,  1  hour,  furnace  cool 

The  microstructure  is  shown  In  Fig.  6  (a)  and  (b).  A  quantitative  comparison  of 
the  two  structures  is  given  in  Table  2  In  all  respects  other  *-han  the  distribu¬ 
tion  of  ferrite  and  pearlite,  the  two  structures  are  nearly  identical. 

Charpy  blanks  were  machined  from  the  center  thickness  of  the  plate. 
Four  sets  of  specimens  were  prepared,  i^o  with  the  major  axis  parallel  to  the 
rolling  direction  and  two  in  the  transverse  direction.  Half  of  the  specimens  of 
one  orientation  were  machined  with  the  notch  parallel  to  the  plate  surface,  the 
other  half  having  the  notch  normal  to  the  plate  surface.  The  different  orienta¬ 
tions  of  specimen  axis  and  notch,  with  the  symbols  used  to  distinguish  them, 
are  shown  in  Fig.  7. 

Charpy  transition  curves  were  determined  using  at  least  thirty  speci¬ 
mens  for  each  curve.  The  curves  for  longitudinal  specimens  in  the  banded  and 
unbanded  conditions  are  shown  in  Fig.  8,  and  the  corresponding  curves  for 
specimens  cut  transversely  to  the  rolling  direction  in  Fig.  9.  In  Fig.  10  (@) 
and  (b),  the  four  curves  for  each  condition  are  assembled.  The  fracture  ap¬ 
pearance,  estimated  visually,  is  plotted  as  a  function  of  the  testing  tempera¬ 
ture  in  Fig.  i 1 


100X 


Mixed  ferrite  grain  size.  Specimen 
heat  treated  1250°C,  1  hr.,  furnace 
cooled.  875°C,  1  hr.,  furnace  cooled 


Figure  6.  (a)  Longitudinal  and  (b)  Transverse  Sections 

Heat  treated  1250°C,  24  brs.,  oil  quencned 
950°C,  1  hr.,  furnace  cooled 


When  a  low  energy-level  criterion  was  adopted,  there  wot,  no  signifi¬ 
cant  difference  In  the  transition  temporature  between  specimens  of  different 
axis  or  notch  orientation  or  between  the  banded  and  unbanded  steel.  For  ex¬ 
ample,  the  10  ft-lb  transition  temperature  was  virtually  unaffected  by  any  of 
the  geometric  or  mtcrostructural  variables  introduced  Into  these  experiments. 
However,  In  the  high  energy  part  of  the  curve,  where  the  energy  absorption  Is 
mainly  due  to  the  formation  of  a  fibrous  crack,  both  banding  and  orientation  are 
factors 

The  energy  curves  for  the  specimens  with  the  notch  parallel  to  the 
rolling  surface  were  higher  in  the  ductile  range  than  those  with  the  perpendicu¬ 
lar  notch.  In  transverse  specimens,  this  difference  was  unaffected  by  homoge¬ 
nization  but,  in  specimens  with  the  major  axis  in  the  longitudinal  direction,  the 
notch-direction  effect  was  reduced.  Among  specimens  of  the  same  notch  direc¬ 
tion,  the  longitudinal  specimens  in  the  high  energy  range  were  appreciably  more 
ductile  than  those  cut  transversely  to  the  rolling  direction.  This  directional  ef¬ 
fect  persisted  in  the  homogenized  specimens  (Figs.  S,  9  and  10).  Removal  of 
the  microscopic  banding  had  a  marked  Influence  on  the  levels  of  energy  absorp¬ 
tion  at  the  top  end  of  the  temperature  range  (Figs.  8  and  9);  the  homogenized 
specimens,  although  still  anisotropic,  had  higher  energy  values  than  did  those 
in  the  banded  condition.  This  increase  in  the  high  energy  level  and  the  con¬ 
stancy  of  the  energy  absorption  in  the  lower  temperature  range  resulted  in  a  de¬ 
crease  in  transition  temperature  of  transverse  specimens  upon  homogenizing 
when  an  energy  criterion  greater  than  20  ft-lb  was  adopted.  This  is  illustrated 
by  the  transition  temperatures  at  10  ft-lb  and  50  ft-lb  listed  in  Table  3. 

The  fracture  appearance  curves  are  subject  to  an  appreciable  error  that 
is  difficult  to  assess.  However,  It  is  thought  that  the  uncertainty  is  insuffi¬ 
cient  to  invalidate  the  subsequent  discussion.  As  with  the  energy  curves,  neither 
the  distribution  of  the  ferrite  and  pearlite  nor  the  orientation  of  the  specimen  had 
any  effect  in  the  temperature  range  in  which  the  fracture  was  mainly  cleavage,  i.e. 
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Testing  Temperature,  °C  Testing  Temperature,  °C 

FIG. 8-  EFFECT  OF  HOMOGENIZATION  ON  CHARPY  FIG.9-  EFFECT  OF  HOMOGENIZATION  ON  THE  CHARPY 
PROPERTIES  OF  SPECIMENS  WITH  SPECIMEN  PROPERTIES  OF  SPECIMENS  WITH  SPECIMEN 

AXIS  PARALLEL  TO  THE  ROLLING  DIRECTION.  AXIS  PERPENDICULAR  TO  THE  ROLLING 

DIRECTION. 
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-25  0  +25  +50  +75  +100  +120  -25  0  +25  +50  +75  +100  +125 

Testing  Temperature  °C  Testing  Temperature  °C 

FIG.  10a  EFFECT  OF  SPECIMEN  AND  NOTCH  ORIEN-  FIG.  10b  EFFECT  OF  SPECIMEN  AND  NOTCH  ORIEN¬ 
TATION  ON  THE  CHARPY  PROPERTIES  OF  TAT  ION  ON  THE  CHARPY  PROPERTIES  OF 

THE  BANDED  STEEL  THE  HOMOGENIZED  STEEL 


Percent  Fibrous  Appearance 


Testing  Temperature,  °C 

FIG.  II-  EFFECT  OF  HOMOGENIZATION  ON  THE 
FRACTURE  APPEARANCE 
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tabu:  3 

THE  EFFECT  OF  HEAT  TREATMENT  ON  THE 
TRANSITION  TEMPERATURE  AT  TWO  ENERGY  LEVELS 


Direction 

Transition 
Temperature 
at  10  ft-lb 
. (C) 

Transition 
Temperature 
at  50  ft-lb 
(C) 

L  * 

950  C,  1  hr,  FC 

1 1 

32 

LX 

1 1 

35 

T  ■ 

1 1 

45 

TX 

15 

60 

1250  C, 

24  hr,  QO  followed  by  950  C, 

1  hr,  FC 

L  » 

9 

32 

LX 

9 

38 

T  « 

9 

38 

TX 

Q 

39 

below  about  20  per  cent  fibrous  appearance.  However,  in  the  banded  condition, 
the  fracture  appearance  curves  reveaied  an  anisotropy  that,  unlike  the  effects 
shown  by  the  energy  curves,  was  removed  by  homogenizing  A  further  surprising 
feature  was  the  apparently  dominant  effect  of  notch  direction  In  the  banded  speci¬ 
mens,  those  with  notches  parallel  to  the  surface  having  appreciably  lower  100 
per  cent  fibrous  transitions  than  those  with  normal  notches.  This  contrasts  sharply 


w!th  the  onergy  curves,  whoro  the  direction  of  the  cpeclmen  axle  relative  to  the 
rolling  direction  was  at  leant  no  important  as  the  notch  direction. 

DISCUSSION 

No  experimental  evidence  was  found  to  support  the  theoretical  Ideas 
predicting  on  effect  of  structure  lamination  on  the  brittle  fracture  properties. 
However,  the  Charpy  test,  in  v/hich  the  propagation  of  the  fracture  Is  an  Im¬ 
portant  feature,  may  not  be  the  moot  suitable  means  of  assessing  the  magnitude 
of  properties  that  are  mainly  associated  with  fracture  initiation.  Possibly  low 
temperature,  round-bar  tensile  tests  would  be  more  informative. 

In  the  temperature  range  In  which  the  crack  Is  predominantly  fibrous, 

the  increase  in  energy  absorption  on  homogenizing  Is  In  accord  with  earlier 

8,  9 

observations.  ’  Since  this  increase  coincides  with  the  disappearance  of  ferrite- 
pearilte  banding,  It  is  tempting  to  assume  a  cause  and  effect  relationship.  How¬ 
ever,  the  persistence  of  directional  effects  suggests  that  the  factors  Involved 

are  more  subtle  than  those  revealed  by  microscopic  examination. 

7 

Although  previous  investigators  have  failed  *o  disclose  any  preferred 
crystallographic  orientation  in  the  ferrite  In  hot-rolled  plate,  It  was  thought  that 
If  a  more  sensitive  x-ray  method  for  its  detection  could  be  devised,  a  relatively 
slight  texture  might  be  found  to  account  for  the  anisotropic  behavior  The  ferrite 
grain  size  of  moat  hot-roiled  plate  Is  such  that,  with  stationary  film  ,*nd  speci¬ 
men  back-reflection  x-ray  techniques,  spotty  and  discontinuous  Debye-Scherrer 
rings  are  obtained  To  Improve  this  situation,  a  moving  specimen  arrangement 
was  devised  by  which  the  crystals  from  at  least  forty  different  locations  on  the 
specimen  surface  contributed  to  each  Debye-Scherrer  ring.  Banded  and  homoge¬ 
nized  specimens  in  both  longitudinal  and  transverse  directions  were  examined  by 
this  technique.  Representative  diffraction  patterns  are  shown  in  Fig.  12.  No 
evidence  of  a  marked  preferred  orientation  was  found. 
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Figuro  12  (a),(b)  X-ray  back  rofleotion  patterns  fro®  ©p©oi®©n 

boat  tr@at©&  9§Q°C,  1  hr* ,  fumao©  cooled, 
handed  atruoture*  (@)  longitudinal, (b)  trano- 
v©rs©  flection* 

Pattern©  from  specimens  host  treated  1250®C, 

24  hr©.,  oil  qu©aob©&  and  95G®C,  1  hr*,  fur¬ 
nace  cooled  j  homogeneous  saioroetruotur©® 

(c)  longitudinal,  (d)  transvore©  section® 


(c) ,  (d) 


Other  theoues  to  account  for  the  directional  effect  have  postulated  the 

alignment  of  defects,  either  slag  inclusions  or  submicroecoplc  cracks,  by  the 

7 

rolling  operation.  Tipper  has  demonstrated  the  Inadequacy  of  the  submicro¬ 
crack  concept.  The  role  of  inclusions  warrants  further  consideration.  Hot 
rolling  produces  laminations  of  non-metalllcs  that  are  parallel  to  the  ferrite 
banding.  Homogenizing  heat  treatment  can  remove  the  chemical  segregation 
and  the  ferrite  banding  but  does  not  alter  the  distribution  of  inclusions.  The 
present  results  con  be  explained  If  it  Is  assumed  that  (1)  inclusions  and  ferrlte- 
pearllte  laminations  do  not  significantly  alter  the  energy  absorption  of  an  inter¬ 
secting  cleavage  crack,  (2)  both  types  of  lamination  decrease  the  energy  absorp¬ 
tion  of  a  fibrous  crack,  but  the  offect  of  inclusions  Is  much  greater  than  that  of 
the  ferrlte-pearllte  banding,  and  (3)  the  distribution  of  Inclusions  does  not  af¬ 
fect  the  microscopic  proportion  of  fibrous  appearance  in  the  fracture  The  energy 
increase  in  the  ductile  range  on  homogenizing  could  be  attributed  to  the  re-distri- 
bution  of  ferrite  and  pearllte,  and  the  persistence  of  the  directional  effect  to  the 
stability  of  the  non-metalllcs  The  third  assumption  Is  necessary  to  explain  the 
apparent  discrepancy  between  the  change  in  energy  absorption  and  the  proportion 
of  fibrous  appearance  with  orientation  and  temperature  However,  the  experimental 
data  relating  to  fracture  appearance  are  unsubstantial,  and  it  would  be  unwise  to 
elaborate  these  Ideas  without  further  experimental  support. 

CONCLUSIONS 

1.  Ferrite  banding  In  reheated  hot-roried  mild  steel  is  influenced  by  the 
austenitizing  temperature,  the  time  at  temperature,  and  the  cooling  rate. 

2.  Once  the  banding  has  been  completely  removed  by  an  homogenizing 
heat  treatment,  it  is  not  reformed  by  thermal  treatment. 

3.  The  experimental  data  are  consistent  with  the  view  that  banding  is  a 
result  of  chemical  heterogeneity,  although  the  segregating  elements  were  not  identi¬ 
fied  In  this  Investigation. 
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4  Tho  brittle  fracture  proportion  as  revealed  by  the  Chorpy  toot  (that 
Is,  behavior  below  the  20  ft-lb  or  about  20  por  cent  fibrous  a’ poaranco  level) 
are  not  affected  by  the  extent  of  ferrite-poarltto  lamlnatl  no  nor  do  they  show 
any  anisotropy  even  In  severely  banded  plates. 

5.  The  fibrous  fracture  properties  are  Influenced  by  specimen  and 
notch  orientation,  as  weil  as  by  subsequent  heat  treatment,  to  a  pronounced 
degree.  At  a  selected  testing  temperature  In  the  ductile  range,  both  the  longi¬ 
tudinal  and  transverse  energy  absorption  is  increased  by  on  homogenizing  heat 
treatment  which  removes  the  ferrlte-pearllte  banding.  However,  the  anisotropy 
persists  The  experimental  evidence  suggests  that,  when  Judged  on  the  ba3is 

of  fracture  appearance  only,  the  notch  direction  Is  important,  but  this  directional 
effect  Is  erased  by  the  homogenizing  treatment. 

6.  Preferred  crystallographic  orientation  of  the  ferrite  Is  not  a  factor 
in  these  phenomena. 


i 
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